Introduction
Salinity is an important environmental stress that threatens sustainable production of crops around the world (Munns, 2005) . Throughout the world approximately 800 million hectares of land are subjected to salinity (FAO, 2008) . Geographically, most of the agricultural land in Pakistan falls in arid and semi-arid regions. According to an estimate by Khan (1998) , one third of the total cultivated area of Pakistan (approximately 6.67 million hectares) is subjected to salinity. Several ideas have been put forwarded by the agriculturists to tackle the problem of salinity which includes irrigation management, the cultivation of salt-tolerant species, top-soil replacement, sub-soiling, deep tillage and application of soil amendments Ibrahim et al., 2012; Sabah et al., 2012; .
Crop residues are supposed to play valuable role in maintaining soil fertility and this concept is gaining strength in today's agriculture. It is believed that use of crop residue for improving soil productivity in agriculture system may reduce the use of mineral/chemical fertilizers (Mehdi et al., 2011) . Crop residues are easily available on site, and are relatively economical, especially if the crop residues used are of previously harvested crop. Almost 4 × 10 9 Mg crop residues are produced in the world every year and more than 75% of the residues are derived from cereals crops like corn, rice, wheat etc. (Lal, 2005) . Rice straw produced in large quantity and having higher silica contents is rather tedious to manage this much volume of rice straw as it is poor feed for animals (Gaind and Nain, 2007) . The common farm practice to get rid of rice straw is burning, which results in losses of nitrogen (80%), phosphorus (25%), potassium (21%), sulfur(4-60%), and air pollution (in the form of CO2) 13 Mg ha -1 subsequently depriving the soil of its precious organic matter (Mandal et al., 2004) .
Along with minerals, crop residue is also an important source of soil organic matter, which can improve soil properties such as nutrient availability, water retention, cation exchange capacity, soil reaction, erosion control and pollution remediation (Cooperband, 2002; Ibrahim et al., 2011; Ibrahim et al., 2012) , thereby use of crop residue in salt affected soils might be an efficient solution to remove or prevent the salinity problems due to accumulation of soluble salts in the root zone (Sarwar et al., 2008; Ahn et al., 2010; Sarwar et al., 2011) . In another study, it was found that EC value of soil amended with rice straw, rye straw and maize stalk was sharply decline when compared with control (Sabah et al., 2012) . Rice straw at 5, 10, and 15 Mg ha -1 along with fertilizer management practices was beneficial to amend the salt affected soils and growth performance of watermelon plants (Ahn et al., 2010) . Application of paddy straw compost in wheat crop was found to increase crop yield as well as soil properties. The ameliorating effect of crop residue (burnt rice husk, rice straw and legume residue) was studied on growth response of rice crop in acidic soil (Gaind and Nain, 2010) . Crop residue significantly increased soil organic matter, total nitrogen, available phosphorus, exchangeable potassium, cation exchange capacity of treated plots as compared to control (Sarwar et al., 2008) . Growth performance and yield of three rice cultivars were also superior in soil which was treated with crop residue as compared to soil without residue treatments (Sarwar et al., 2010; Sabah et al., 2012) . In a rice-wheat cropping system with yield 7 Mg ha -1 of rice and 4 Mg ha -1 of wheat may remove approximately 300, 30, and 300 kg ha -1 of N, P, and K, respectively from the soil (Gaind and Nain, 2011) . So, integrated use of organic and inorganic amendments is being currently promoted for economic utilization of the moderately salt affected soils (Haider et al., 2013) . It optimizes the use of all available resources which may resolve the practical limitation of input availability and can replenish the soil of its nutrients.
In the present study, the combined effect of gypsum and crop residue on the yield of rice and wheat crops (rice-wheat cropping system in rotation), and soil properties was studied for three years under field conditions. This information would be helpful to researchers and farmers by providing them valuable information and option to utilize undesired crop residue as nutrient source and reclaiming the salt affected soils. . Sun dried wheat and rice straw were chopped and mixed to a depth of 20 cm in respective plots and were incubated into soil at water content close to the field capacity for 30 days before transplanting of rice. The gypsum was applied 15 days before transplanting of rice. The experiment was laid out in randomized complete block design with four replicates. The treatment description is presented as under T1 = Control T2 = Gypsum at 100% G.R. T3 = Gypsum at 25% G.R. + wheat straw at 3 Mg ha ). All P and K fertilizers and 50% N were applied at the time of transplanting whereas; remaining 50% N was applied after thirty days of transplanting. ) were applied. All cultural and management practices were performed uniformly as and when required. The data regarding grain and straw yield for both the crops (wheat and rice) were recorded at maturity.
Materials and Methods
Composite soil samples were taken from each treatment plot after harvest of each crop throughout study and were analyzed for determination of their chemical properties following the methods as described by US Salinity Lab. Staff (1954 The data thus collected were subjected to statistical analysis under randomized complete block design and the treatment means were compared by least significance difference (LSD) test as proposed by Steel et al. (1997) .
Results and Discussion
Rice grain yield (Mg ha -1 ) Grain yield depends upon number of productive tillers, number of spikelets per panicle, spikelet sterility and grain weight (Sarwar et al., 2008; Ibrahim et al., 2010) . Grain weight is an important yield component in rice production (Atera et al., 2011) ) was recorded in control (T1) followed by T4 (gypsum at 25% G.R. + rice straw at 3 Mg ha -1 ) which produced grain yield of 2.88 Mg ha -1 and all the treatments were statistically different from each other. Management of crop residue is one of the important means of improving soil nutrient contents and which maintain soil productivity (Iwuafor et al., 1991) . Ameliorating effect of gypsum and crop residues for reclamation of salt affected soil and enhancement in supply of essential plant nutrients after decomposition of these residues may be contributed to greater production of grain yield in these treatments.
Rice straw yield (Mg ha -1
) Data regarding straw yield (Table 2) showed that gypsum at 100% G.R. produced highest straw yield (5.42 Mg ha ) was observed in control followed by gypsum at 25% G.R. + rice straw at 3 Mg ha -1 obtaining 3.75 Mg ha -1 straw yield. Rice crops require 16-17 kg N from soil for the production of each ton of rough rice including straw, so improved straw yield could be due to more leaf area, increased plant height, increased tiller production and increased accumulation of dry matter with those treatments Sahrawat, 2000) . In T1 (control) there was limited supply of nitrogen and other nutrients which were necessary for tiller production whereas the other treatments supplied it sufficiently rendering the more number of tillers and hence the increased straw yield was produced.
Wheat grain yield (Mg ha -1
) Grain yield of wheat crop under salt affected soil was significantly increased with application of gypsum and its combination with different crop residues (Table 3 ). Gypsum at 100% G.R. (T2) gave the maximum grain yield of (3.42 Mg ha -1 ), followed by 3.20 Mg ha -1 of (T3) with application of gypsum at 25% G.R. + wheat straw at 3 Mg ha ) was obtained in control. Balance supply of essential plant nutrient is vital for formation and development of grains (Haider et al., 2013) . Increased grain yield with amendments application as compared to control may be due to the enhanced growth with increased nutrient uptake, greater translocation of carbohydrates to sink which ultimately increased yield attributes and subsequently produced more grain yield. These findings are in consistence with previous studies (Singh et al., 2001 ). ) where gypsum at 25% G.R. + wheat straw at 3 Mg ha -1 was applied, which was statistically significant (3.95 Mg ha -1 ) than gypsum at 25% G.R. + rice and wheat straw at 3 Mg ha -1 (T5). Whereas T1 (control) showed the minimum (2.14 Mg ha -1 ) straw yield followed by T4 (gypsum at 25% G.R. + rice straw at 3 Mg ha -1 ) with straw yield of 3.64 Mg ha -1 . All the treatments were significantly different from each other (P<0.05). Decomposition of crop residue by soil microorganism transformed it into bio-fertilizer that could improve soil qualities . The phosphorus enhanced root growth and uptake of other nutrients which may contribute to better crop growth and straw yield (Sabah et al., 2012) . Mehdi et al. (2011) claimed that increased grain and straw yield of rice may be achieved in reclaimed saline-sodic soil with use of farm yard manure (FYM) and sesbania in combination with mineral fertilizers. They also reported the significant residual effect of FYM and sesbania applied to rice crop on the grain and straw production of succeeding wheat crop which reinforced our findings (Ali et al., 2012) .
Wheat straw yield (Mg ha
Soil properties Data regarding effect of gypsum alone and its combinations with wheat and rice straw on chemical properties (ECe, pHs, and SAR) of salt affected soil after rice and wheat harvest have shown in Table 5 . It is evident from the obtained data that pHs value gradually decreased with application of amendments and after completion of study minimum pH value was recorded with used of gypsum at 100% G.R. in T2 followed by T3 and T5. The maximum pHs value was noted in T1 followed by T4. The sharp decline in soil pH in T2 was due to release of Ca 2+ from gypsum which replaces the exchangeable Na + (Abdel-Fattah, 2012) . As crop residue significantly increased soil organic matter level, so decrease in pH of plots receiving the integrated treatments could be related to release of organic acids and CO2 during the decomposition of wheat and rice straw (Sarwar et al., 2008) . Our findings are in consistence with the previous . studies where application of organic amendments (rice straw and farm manure applied with gypsum) positively affected the crop growth and yield (Sarwar et al., 2010; Sarwar et al., 2011; .
Electrical conductivity was significantly decreased by all the treatments and at the end of experiment sharp decline was noted in T2 followed by T3 and T5. While, the maximum value of EC was noted in control (T1). Favorable effect of crop residue on decreasing EC of soil could be contributed to the improvement of the soil structure and porosity, thus increasing salt leaching and reducing surface evaporation which inhibits salt accumulation in the surface layers (Wang and Li, 1990; Abdel-Fattah, 2012) . These results are reinforced by the findings of Ahn et al. (2010) that rice straw at 5, 10, and 15 Mg ha -1 with fertilizer significantly decreased the pH and EC of salt affected soil.
Results regarding SAR indicated that all the amendments significantly decreased the value of SAR. After completion of study, minimum value of SAR was recorded of gypsum at 100% G.R. followed by gypsum at 25% G.R. + wheat straw at 3 Mg ha -1 .Organic amendments also significantly decreased SAR when compared with control. Release of organic acids and CO2 during decomposition of organic material may activate the native CaCO3 of soil which was converted into CaSO4 that reclaimed the soil thus lowering SAR (Sarwar et al., 2008; Sarwar et al., 2011) .
Conclusions
From these investigations it may be concluded that crop residues are important resources for soil properties and also contribute towards soil chemical properties. This ultimately results in good and conducive chemical environment for sustainable crop production. Gypsum when used at 100% requirement improved the grain and straw yield during all years. The application of wheat straw and gypsum increased the maximum mean rice grain yield (3.57 Mg ha ). Gypsum and wheat straw also improved the wheat grain yield over gypsum and rice straw treatments. Rice-wheat cropping system is very important in Pakistan and South Asian countries and the integration of crop residues may prove better results on sodic soils under similar ecological conditions.
